To systematically review studies that examined the effectiveness of wrist guards in preventing wrist injuries among snowboarders. were searched using variations of the term ''snowboard.'' PubMED was searched for the year 2005 to capture any recently published studies not yet indexed in MEDLINE. The reference lists of included studies and conference proceedings were also searched.
BACKGROUND
Snowboarding has become a popular winter sport, especially among people younger than 30. 1 The risk of injuries associated with snowboarding is higher than that of downhill skiing. 2, 3 A literature review found the risk of snowboard injury to be between 1.7 and 16 injuries per 1000 snowboard days. 4 The most common anatomic region to be injured is the upper extremity, within which wrist injuries are the most prevalent. 2, 5 Several studies have assessed the risk of wrist or upperextremity injury among snowboarders, with the consistent finding that wrist or upper-extremity injuries represent 35% to 45% of all injuries. [6] [7] [8] There is frequent opportunity to sustain a wrist injury, because wrist injuries often occur as a result of a fall, and learning to snowboard results in many falls. Beginner snowboarders have been shown to have a high incidence of wrist injuries. 9 Wrist injuries can vary in severity, ranging from contusion to displaced fracture requiring operative care. Pediatric wrist injuries involving the growth plates are particularly worrisome and are commonly observed among snowboarders. 10 Although not frequent, fractures to the growth plate can be severe and may result in arrested growth and deformity. 11 Because of the high incidence of wrist injuries, the use of wrist guards has been recommended. 1, 8, 12 The American Academy of Pediatrics and the Canadian Pediatric Society state that children should not snowboard until they are 7 years old, and that snowboarders should wear gloves with built-in wrist guards. 13, 14 However, it has been suggested that the use of wrist guards may be associated with an increased risk of injuries above the wrist guard in both snowboarding 15 and in-line skating. 16 Our objective was to conduct a systematic review to determine whether wrist guards are effective at reducing wrist injuries among snowboarders, and to determine whether wrist guards lead to other injuries.
Cochrane (2005, issue 1), and Sport Discus (1975 ( to March 2005 . PubMED was searched for the year 2005. The electronic databases were searched using variations on the term ''snowboard.'' Reference lists of included studies were checked for potentially relevant articles. We also hand searched the conference proceedings for the American Society for Testing and Materials Ski Trauma & Safety Series and the American Association for the Surgery of Trauma (2002) (2003) (2004) . Published and unpublished studies were both considered for inclusion. Only English-language studies were included. 17 
Selection of Studies
The titles (and, when available, abstracts) from the search output were independently screened by two reviewers (K.R., B.H.). Two reviewers independently assessed the full text of potentially relevant studies using predetermined inclusion criteria (K.R., B.H.). Disagreements were resolved by consensus between the two reviewers.
Studies were included if they (1) were randomized controlled trials (RCTs), controlled clinical trials (CCTs), cohort studies, or case-control studies; (2) compared snowboarders with and without wrist guard protection; and (3) measured at least one objectively quantified outcome, such as wrist injury, severity of wrist injury, or upper-extremity injury. Studies that examined the effectiveness of wrist guards on cadaver wrists were excluded.
Quality Assessment
Two indexes were used to assess methodological quality. The Downs and Black checklist is a 29 point scale that measures the methodological quality of observational studies. 18 The validated five-point Jadad scale assesses the methodological quality of clinical trials. 19 Allocation concealment was categorized as adequate, inadequate, or unclear. 20 Funding source was also recorded. Methodological quality was independently assessed by two reviewers (K.R., B.H., or S.B.), and the two reviewers resolved any disagreements by consensus.
Data Extraction
Data were extracted by one reviewer (K.R.) and checked for completeness and accuracy by a second (S.B.); the two reviewers resolved any disagreements by consensus. The following information was extracted: study design, patient characteristics, wrist guard characteristics, data source (for cohort and case-control studies), and results (type and severity of injury, compliance, and adverse events).
Data Analysis
Before consensus between reviewers, agreement regarding the study's inclusion and methodological quality was measured using the kappa statistic. Random-effects modeling was used in the generation of all effect estimates. Effect measures from RCTs and cohort study designs were expressed as relative risk (RR), and an overall RR [with 95% confidence interval (CI)] was calculated. Data obtained from case-control studies were expressed as odds ratios (OR), and an overall odds ratio and 95% CI were calculated. To quantify the proportion of wrist injuries that are caused by not wearing wrist guards, the attributable risk and 95% CI and the number needed to treat were calculated for the trials and cohort studies. A priori subgroup analyses were planned for type of wrist guard, snowboarders' experience (beginner versus intermediate versus expert), and age of snowboarder (children versus adults) if the data were available. Statistical heterogeneity was measured using the I 2 statistic. 21 A sensitivity analysis was performed to assess the effect of study design by separately analyzing the results from RCTs, CCTs, and cohort studies (effect estimate = RR) versus casecontrol studies (effect estimate = OR). We planned to examine publication bias by visually assessing a funnel plot. Data were analyzed using RevMan 4.2, and kappa statistics were generated from SPSS version 11.5.
RESULTS

Description of Included Studies
From 335 unique references, 26 were identified as potentially relevant (Table 1) . After applying the inclusion criteria, six studies were included (kappa = 0.89). There were two RCTs, 22, 23 two prospective cohort studies, 4,24 and two case-control studies. 25, 26 The median year of publication was 2001. Three studies were conducted in North America, and the remaining three were conducted in Europe.
Overall, 4833 snowboarders wore wrist guards and 14,227 did not. The selection criteria ranged from students participating in a school vacation or registering in a ''learn to snowboard'' lesson to any injured snowboarder who completed an accident report or presented at a medical center. The type of wrist guard was described in four of the studies and was not mentioned in the two case-controls studies. With the exception of one study, all of the studies examined wrist injuries; Hagel and Pless 26 evaluated the relation of wrist guards to injuries occurring from the hand to forearm and the elbow to shoulder. Although the number of wrist injuries is reported, wrist injuries among those wearing and not wearing wrist guards were not compared. If wrist guards increase the risk of other hand injuries, then the protective effect of wrist guards for wrist injuries would have been underestimated. A description of each study is provided in Table 2 .
Methodological Quality of Included Studies
Methodological quality of the studies is described in Table 3 . Both randomized trials scored 2 on the Jadad scale 
Quantitative Results
All six of the included studies assessed wrist injury ( Figure 1 ). Wrist injuries were relatively infrequent.
RCTs and Prospective Cohort Studies
For the RCTs and prospective studies, there were 14 wrist injuries among the 3907 snowboarders who wore wrist guards, and there were 110 injuries among the 3763 snowboarders who did not wear wrist guards. Within the casecontrol studies, 55 of the 426 snowboarders who wore wrist guards sustained a wrist injury, whereas 2048 of the 7905 snowboarders who did not wear a wrist guard had a wrist injury. Among the RCTs and prospective cohort studies, there was a significant decrease in the risk of wrist injuries when wrist guards were used (RR: 0.23; 95% CI: 0.13, 0.41; attributable risk: 20.02; 95% CI: 20.02, 20.01). The number needed to treat was 50 (95% CI: 50, 100).
The incidence of wrist fracture was measured in the RCTs and prospective cohort studies. There was a significant decrease in wrist fractures among snowboarders who wore wrist guards (RR: 0.29; 95% CI: 0.10, 0.87). The I 2 statistic was 38.1%, indicating some, but not substantial, heterogeneity.
Only two studies assessed wrist sprain. 22, 24 The risk for wrist sprain was significantly less when wrist guards were worn (RR: 0.17; 95% CI: 0.07, 0.41). The I 2 statistic indicated essentially no heterogeneity for both RCT and cohort studies (I 2 = 0%).
Case-Control Studies
Within the two case-control studies, the odds of a wrist injury were significantly less in snowboarders who wore wrist guards (odds ratio: 0.46; 95% CI: 0.35, 0.62). The I 2 statistic indicated essentially no heterogeneity for these studies (I 2 = 0%).
Wrist Guard Effect by Age
Both studies by Machold et al 4, 23 only included schoolage children who had participated in a school-supervised ski/snowboard vacation. RR did not substantially differ between Machold et al's two studies and the two studies that either did not report the snowboarders' age or that included snowboarders older than 9 years (RR: 0.22; 95% CI: 0.09, 0.52 compared with RR: 0.15; 95% CI: 0.02, 1.11, respectively).
Wrist Guard Effect by Ability
O'Neill 24 enrolled beginner snowboarders registered in a ''learn to snowboard'' program. The point estimate of the RR from O'Neill's study demonstrated the greatest protective effect of wrist guards (RR: 0.04; 95% CI: 0, 0.66).
Adverse Events
The following types of adverse events were reported: shoulder injury, 23 finger injury, 4 and shoulder-elbow injury. 26 There was some evidence of a reduction in the risk of shoulder injury associated with the use of wrist guards [RR: 0.22 (95% CI: 0.01, 4.60)], 23 but there was an increased risk of finger injuries [RR: 3.16 (95% CI: 0.79, 12.62)] 4 ; however, neither the risk of shoulder injury nor finger injury was significant. One study indicated that the odds of an elbow-shoulder injury may be higher when wrist guards are worn (OR: 1.71; 95% CI: 0.82, 3.57). 26 Wrist injuries requiring medical care, hospitalization, operative care, or length of hospital stay were not reported among snowboarders who used wrist guards versus those who did not use wrist guards in any of the included studies.
In Machold et al 23 there were two minor shoulder injuries, and both occurred among nonguarded snowboarders. This did not result in a significant difference in shoulder injuries between snowboarders using and those not using wrist guards. Hagel and Pless 26 assessed elbow-shoulder injuries among snowboarders with and without wrist guards. In an analysis adjusted for potential confounders, including demographics, snowboard experience and ability, and conditions before the wrist injury, they report an odds ratio of 2.0 (95% CI: 0.95, 4.10). The unadjusted odds ratio reported by Hagel and Pless 26 achieved statistical significance (OR: 1.39; 95% CI: 1.01, 1.91).
Publication Bias
Because so few studies were included in this review, publication bias could not be assessed.
DISCUSSION
Regardless of study design, our pooled analysis shows consistently that wrist guards significantly reduce the risk of wrist injuries. Evidence from the case-control studies shows that wrist guards are underused. In the two case-control studies, the use of wrist guards was 5.6% 26 and 7.5%. 25 Wrist guard use might be increased if ski resorts were to include them in the rental of snowboard equipment.
Although they reduce wrist injuries, it is unclear whether wrist guards pose an increased risk of other arm injuries. The results for shoulder injuries are conflicting: the results of Hagel and Pless 26 indicate that wrist guards may increase elbow-shoulder injury risk, whereas Machold et al 23 found a protective effect for shoulder injuries. There also was some evidence that wrist guards may increase the risk of finger injury. 4 None of the 95% confidence limits for these adverse effects excluded the null, and further research is needed.
The effect of wrist guards among snowboarders of different age or snowboard experience could not be ascertained in direct comparisons. However, careful examination of the wrist guard effect for those studies limiting the sample to schoolaged children 23 indicates that wrist guards were just as effective in this group. Thus, age, at least according to our interstudy comparison, does not modify the effect of wrist guards. O'Neill 24 restricted enrollment to beginners, and this showed the greatest protective effect of wrist guards, suggesting that this group of frequent fallers may benefit most from these devices.
There are several limitations associated with this review. Because some of the individual studies did not adequately describe the wrist guards used, it was not possible to determine the optimal wrist guard from a risk-reduction point of view. A wide spectrum of wrist guards were examined, ranging from in-line skating guards to wrist guards designed by the investigators for the purpose of snowboarding. Because the results consistently show that wrist guards prevent wrist injuries, it may be inferred that any type of wrist guard is better than no guard at all in terms of wrist injuries.
The definition of wrist injury was variable. For example, in both studies by Machold et al 4, 23 moderate and severe wrist injuries, as defined by the Abbreviated Injury Scale, 27 were examined. Because examples of a mild injury included contusions and sprains, we interpreted moderate and severe wrist injuries to be measuring wrist fractures. Conversely, Hagel and Pless 26 assessed hand-to-forearm injuries. Although the wrist guard may have caused some of the hand and forearm injuries, this would have biased the results toward the null.
In general, the methodological quality of the included studies was low. Although the snowboarder cannot be blinded to wrist guard use, the physician assessing the wrist injury can be blinded to wrist guard allocation. The methodological quality of the observational studies could also be improved, particularly by reporting the potentially confounding variables and the snowboarders lost to follow-up.
Publication bias could not be assessed; thus, we could not determine whether it was likely that we had missed studies in which wrist guards had been ineffective at preventing wrist injuries. However, we did perform an extensive electronic search to identify studies, and we searched for gray literature. In addition, this area of study is relatively new (all studies were published in 2000 or later), and one of the authors is actively researching snowboard injuries. We feel that we would have been aware if additional studies existed.
In conclusion: The methodological quality of the included studies is low. Wrist guards are effective at preventing wrist injuries among snowboarders. We were unable to determine whether a particular type(s) of wrist guard is more effective. One study 23 notes that some snowboarders found the wrist guard to be cumbersome and uncomfortable. If wrist guards that are built into the glove are more comfortable and equally protective against wrist injuries, wrist guard use may increase.
Wrist guards may provide a greater protective effect for beginners, although this is based on a between-study comparison. Wrist guards may increase the risk of nonwrist upperextremity injuries; this is recommended as an outcome measure for all future wrist guard/injury studies.
